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Abstract: Two-dimensional beam steering by small, square, phase patterns 
as small as 50×50 pixels on a phase-only liquid crystal on silicon (LCOS) 
device is experimentally verified as suitable for the application of 
wavelength selective switches (WSSs), in terms of the diffraction efficiency 
and steering accuracy. This enables a proposed highly functional and 
versatile stacked switch architecture, where 40 independent 1×12 WSSs can 
be realised on a single 4k LCOS device. They can be configured to support 
a 1×N WSSs with N≤144, or an N×N wavelength crossconnect with N≤12.  
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1. Introduction  
A wavelength selective switch (WSS) [1,2] is one of the key enabling technologies for 
reconfigurable optical networks [3,4]. A typical WSS is able to selectively route individual 
wavelength division multiplexing (WDM) channels entering its input fibre port to any of the 
output fibre ports according to the software configuration that is remotely controlled by the 
service providers. In recent years, phase-only liquid crystal on silicon (LCOS) spatial light 
modulators (SLMs) [5] have become the technology of choice for WSSs, due to its software 
upgradable nature and support for flexible spectrum switching [6], dispersion compensation 
[7], multicasting [8-10], and adaptive alignment [11-13]. Various efforts have been made to 
improve both the optical performance and the switching functionalities of the LCOS WSSs, 
especially in terms of static [14-18] and transient [19-20] crosstalk reduction, passband shape 
optimisation [21] and port count increase [22-25].  
WSSs are usually based on the ‘disperse-and-select’ optical design, where the WDM 
channels from the input port are diffracted by a static grating along the dispersion axis at the 
plane of the optical engine, i.e. LCOS device, before being subsequently switched to the target 
output ports according to the sub-holograms, i.e. diffractive phase patterns, displayed on the 
corresponding areas of the LCOS device. Due to the limited number of pixels available on the 
current generation LCOS devices, however, anamorphic optics are invariably used in these 
designs to convert the beams of individual WDM channels into elongated shape at the LCOS 
plane. Correspondingly, output ports are arranged along the switching axis, which is 
orthogonal to the dispersion axis. Although such an approach is able to increase the port count 
in one axis, it fails to fully exploit the two dimensional (2D) nature of the pixel array on the 
LCOS device. Moreover, for such a configuration, all the undesirable diffraction orders due to 
the LCOS defects will also appear along this switching axis, which makes it fundamentally 
difficult to suppress crosstalk, especially in WSSs with high port counts. It should also be 
pointed out 2D output port arrangement and beam steering has been previously demonstrated 
in WSSs based on 2-axis analogue micro mirror array technologies [26-29]. However, WSSs 
based on micro mirror array technologies became less attractive in recent years due to its 
incompatibility with the flexible spectrum switching that is required by next generation 
networks.  
In this paper, we demonstrate the 2D beam steering capability of the small sub-hologram 
with a square shape in a proof-of-concept LCOS WSS setup without using anamorphic optics. 
We further propose a stacked WSS design with 2D output port arrangement, which enables a 
single 4k LCOS device to realise up to 40 independent 1×12 WSSs within one module. 
Applications of this WSS module are also discussed.  
2. 2D beam steering 
2.1 Principle of 2D beam steering 
The conventional Fourier transform optical system shown in Fig. 1 is used to illustrate the 
beam steering principle of the LCOS device. In this system, the IN/OUT plane and the LCOS 
device are pla
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